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Abstract 
According to the forecast of the International Energy Agency (IEA), CCS has the potential to reduce carbon dioxide emissions 
and could contribute to 19% of global carbon dioxide mitigation by 2050. Korean government recently announced that Korea has 
set its voluntary 2020 emissions reduction target to a 30 % reduction from its forecast under a "business as usual" scenario, which 
is equivalent to 4% less than the 594 million tons of carbon that was emitted in 2005. CCS is included to achieve this target. This 
paper first explains the CO2 storage potential both in onshore and offshore areas in Korea. While onshore sedimentary basins 
seem to have unfavorable physical properties such as porosity and permeability, offshore sedimentary basins exhibit very good 
physical properties in sand thickness and porosity. In order to implement CCS project at the scale needed to achieve a meaningful 
reduction of carbon dioxide emissions, the knowledge of the available CO2 storage capacity obtained by detailed matching of 
large stationary CO2 sources with geological storage sites is required. Most CCS programs in Korea, however, are not integrated 
with capture and storage projects. This paper considers the feasibility of CO2 capture and storage in Korea and shows several 
conceptual business models for CCS projects with the recent E&P activities in the continental shelf. 
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1. Introduction 
Climate change becomes a key issue in recent years due to the tremendous use of fossil duels caused by rapid 
technology advancement since the industrial revolution. The 4th assessment report of IPCC in 2007[1] forecasted 
that the global warming was caused by greenhouse gas such as CO2 and methane gas as a result of human activity 
and that the world will be confronted with a serious crisis without a dramatic reduction effort of greenhouse gas. 
Considering the IPCC's forecast on the relationship of climate change with greenhouse gas in atmosphere and 
recent consumption amount of fossil fuel, IEA(International Energy Agency) suggested an analysis result that we 
should reduce the CO2 emission by 50% of the 2005 emission amount by 2050[2]. It is required to reduce 48 billion 
tons of CO2 if we have to reduce the emission of 2050 BAU (business as usual) to the 50% relative to the level of 
2005 emission. In order to achieve this goal, we should apply the carbon capture and storage (CCS). Through the 
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Blue Map, IEA predicts that energy efficiency contributes 24%, renewable energy contributes 21% and CCS 
contributes to 19% of global carbon dioxide mitigation by 2050. 
Climate change issue is also a very important agenda in Korea. In 2009, Korea government announced three 
scenarios of 2020 emission reduction goal[3]. The three scenarios shown in Fig. 1 are reductions of 21%, 27%, and 
30% respectively relative to the level of BAU in 2020. These scenarios correspond to the 8% increase, freeze, and 4% 
reduction relative to the emission amount of 2005 which is 594 million tons of CO2. 30% reduction of emission 
amount relative to the level of BAU in 2020 is equivalent to the 15~30% reduction level relative to the BAU which 
the European Commission requests to the developing countries. 
 
G
Fig. 1. Comparison of emission reduction scenarios by the Korean government [3] 
 
The scenario 1 is the 21% reduction from BAU(8% increase from 2005 level) which will be achieved through 
implementation of measures with short term cost but potential long-term benefit such as high efficiency product. 
The scenario 2 is the 27% reduction from BAU (return to 2005 level) which introduces additional measures from 
scenario 1 such as hybrid automobile or bio-fuels. The scenario 3 is the 30% reduction from BAU(4% reduction 
from 2005 level) which will actively apply the CCS introduced partly in the scenario 2. Among three scenarios, the 
scenario 3 was selected as voluntary 2020 emission reduction target last year, but the reality is not easy. The 
increase ratio of energy consumption in Korea is 3% per year which is well above the world average of 2.4% per 
year. The increase rate of greenhouse gas emission was 90.1% during 1990~2004 which is one of the highest rate in 
the world. The dependency of fossil fuel in total energy, in particular, was almost 80% which is higher than 64% of 
USA, 73% of Japan and 53% of France. More than 60% of electricity was supplied from steam generation power 
plant and the majority of the Korean industry is a high energy consumption industry such as heavy chemical, steal 
meal, automobile, and shipbuilding. 70% of the land is mountainous with high population density. In addition to this, 
distributing renewable energy is not easy due to high cost. 
In order to expedite the CCS technology development, Korean government announced a comprehensive national 
plan for CCS during the 8th meeting of the Presidential Green Growth Commission last year. This plan includes the 
selection of geological storage site by 2015 and the demonstration of integrated CCS project of one million ton scale 
after 2017 for plant commercialization and strengthening of international competitiveness. For this, 2 billion 
US$ will be invested by 2019.  If this plan will be implemented successfully, 3.2 million tons of CO2 will be 
reduced relative to the level of 2030. 
The CCS business environment in Korea, however, is not good because the distance between major emitter and 
the Ulleung basin which is the best storage site is too long. This paper will explain the CCS business strategy 
considering this circumstances. To help understanding the business strategy, we first introduce the scale and location 
of the major CO2 emitter such as steam power generation plant, steel meal, and petrochemical complex. We explain 
the possibility of geological storage in both onshore and offshore sedimentary basins. In order to analyze the 
integration of emitter and storage site which is the most important issue right now, transportation cost analysis in 
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terms of integration of emitter and storage site will be presented. Finally a preliminary business model will be 
recommended that Korea can consider. 
2. Business Environment of CCS in Korea 
In order to commercialize CCS project in Korea, development of related technologies, delineation of source and 
sink of CO2, legal and regulatory framework, funding sources, economic mechanism of carbon tax are required. In 
this section, we explain the major emitting source and the potential storage sites. 
 
2-1 Major Emission Sources 
 
Korean industry cannot easily cope with regulatory policies of climate change oriented for industrialized 
countries. Its energy structure is a high CO2 emission system; 498.5 million tons of CO2 were emitted in energy 
sector which is 83.9% of total emission amount as of 2005(Fig. 2). Of these, conversion including power generation 
accounts for 34.3% and industry accounts for 31.5% of total energy sector.  
 
G
Fig. 2. Energy statistics of Korea [4]. 
 
The major emitting sources for CCS project are power generation, steel meal, petrochemical and cement 
industries. For power generation by coal, total CO2 emission by 5 electric power generation companies under Korea 
Electric Power Corporation is 118 Mt as of 2005. Most of this emission is from coal powered generation companies 
[5]. The next largest emitter is steel meal company such as POSCO. As of 2005, Pohang factory emits 30 Mt, and 
Gwangyang factory emits 35 Mt of CO2. For petrochemical industry, 20 Mt of CO2 was emitted from southern part 
of Ulsan city [4]. Capacity of CO2 reduction of Korean industry is not large, but there are many large CO2 emitters.  
 
2-2 CO2 Geo-sequestration Sites 
 
For CO2 capture, we are in the process of preparing for demonstration of 3 different technologies in power 
generation and steel meal companies such as pre-combustion, oxy-fuel, and post-combustion. But for CO2 storage, 
Korea is relatively behind other countries such that we are merely in the process of studying few major technologies 
and site selection in Ulleung basin of the East sea. The main reason of this slow progress in CO2 storage sector is 
that many people think that there is no good storage site in Korea and we only started the CO2 storage project such 
as storage site data bank establishment in 2008 compared to Japan in 1992[6]. 
It is considered, however, the possibility of selecting good storage site in continental shelf in which large amount 
of geophysical and drilling data were acquired is sufficient. Since 1970, we could not find any favorable onshore 
sedimentary basin, but there are several large sedimentary basins offshore such as Kunsan, Jeju and Ulleung basins.  
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Ulleung basin in particular, has many favorable storage structures which show sandstone reservoirs of more than 
200m thickness including Gorae-V structure of Donghae-1 gas field which is producing natural gas since 2004. 
 
Table 1. Summary of prospects for CO2 geological storage on the block VI-1[7]. 
 
 
It is very optimistic to find a large potential structure of CO2 geological storage if we utilize the data base of 23 
drilling wells including several gas discovery wells and 2D & 3D seismic data shown in Fig. 3. In addition to the 
reprocessing of the existing seismic data, we expect new data acquisition in the near future. The Ministry of 
Knowledge Economy(MKE) plans to perform 217,000 km 2D seismic survey and 20 well drillings in 10 years 
shown in Table 2. One deep sea drilling in Ulleung basin is also planned in 2011 after a joint exploration activity by 
Korea National Oil Corporation(KNOC) and Woodside of Australia[8].  
 
G
Fig. 3. Seismic and well data in the Ulleung basin under investigation by KNOC and KIGAM [7]. 
  
WellG
Top 
Depth 
MD, mG
Bottom 
Depth 
MD, mG
Gross 
IntervalG
Gross 
sandG
Net 
sandG
Net 
sand/GrossG PorosityG
Water 
saturationG
Dolgorae IIG 1920.0G 2437.0G 517.1G 216.8G 214.3G 0.41G 0.236G 0.942G
Gorae V-3G 1886.0G 2560.0G 674.1G 466.9G 417.9G 0.62G 0.192G 0.948G
Gorae 7-1XG 1675.0G 2100.0G 425.1G 319.8G 303.2G 0.71G 0.253G 1.0G
Gorae V-4G 1871.9G 3001.1G 1129.3G 482.6G 339.7G 0.30G 0.154G 0.585G
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Table 2. Seismic surveys and drilling wells obtained and planned on the Korean continental shelves [8]. 
 
Basin Mining Block 
Seismic survey(L-km) Wells 
’70-’08 ’09-’18 
(planned) 
’70-’08 ’09-’18 
(planned) 
Kunsan 1, 2, 3, 1-2, 1-3, 2-2 57,951 67,000 6 6 
Jeju 4, 5, 6-2, JDZ 95,802 74,000 14 6 
Ulleung 6-1, 8 137,711 76,000 23 8 
Total 12 blocks 
291,464 217,000 43 20 
508,464 64 
 
2-3 Integration of Emitters and Geological Storage Sites 
 
As explained in previous section, while the possibility of finding suitable geological storage site in onshore basin 
is very low, several prospects were identified in the continental shelf, especially in Ulleung basin. It will, however, 
take long time to calculate the precise storage capacity of Ulleung basin. Fig. 4 is the regional map of large CO2 
emitters and their capacity. Power generation factory are concentrated in the western coastal area to supply 
electricity to the metropolitan area and in the southern coastal area to supply the electricity to the 2nd largest city of 
Busan [4]. The only major emitter close to the Ulleung basin is POSCO, the steel meal company. The power 
generation factory for CCS is located more than 150~200 km from the Ulleung basin. If we assume that the cost of 
CO2 capture and storage in Korea is almost the same as those of other countries, reducing the transportation cost is 
the main task to raise the competitiveness of the project. The transportation cost as of today is about $10 when the 
distance between the emitter and the storage site is about 200 km. Someone considers an integration of domestic 
CO2 emitter and foreign storage site in neighboring countries. The transportation cost by ship is at least $25 because 
the distance is more than 500 km and the estimated cost by pipeline is around $20[9]. As a result, domestic CCS 
project is more realistic than international CCS project such as the integration of domestic capture plant and foreign 
storage site. 
 
Fig. 4. Emission statistics by local governments and submarine mining blocks in Korea [4][8]. 
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3. Conceptual CCS business model by transportation cost analysis 
Considering the mismatch of CO2 storage site and major emitter, it is expected that it is possible to determine the 
business model suitable for Korean environment by cost analysis on transportation distance.  Now we propose a 
business model based on 3 different transportation distances from CO2 emitter in the coastal area to the storage site 
in the continental shelf. 
 
3-1 Cases for the Cost Estimation 
 
Case 1: 70 km of transport distance (Ulleung basin and POSCO/petrochemical complex, Ulleung basin and new 
power generation factory) This integration of Ulleung basin and POSCO/petrochemical complex or Ulleung basin 
and new power generation factory is the best choice under the domestic circumstance. The distance between 
Ulleung basin and petrochemical complex in Ulsan area is relatively short as 50 km and the distance between 
Ulleung basin and POSCO is 70 km. If we build a new power plant, its distance is also about 70 km. 
 
Case 2: 100 km of transport distance (Jeju basin and power generation company in southern coast) There are 
3GW coal power generation plant in Hadong and Samcheonpo in southern coastal area. The distance between Jeju 
basin and these CO2 emitters is about 100 km. Compared to the Ulleung basin there are only 3 drilling wells in this 
area but there is more than 10,000 line-km 2D & 3D seismic data. 
 
Case 3: 100 km of transport distance (Ulleung basin and power generation plant in southern coast or Ulleung 
basin and Samcheonpo in Gwangyang province) When we integrate the most suitable storage site in Ulleung basin 
with the new power generation plant in Gwangyang province or power generation  plant in southern coast, the 
distance is around 200~300 km. If we consider a storage site in Kunsan basin in the West sea with power generation 
plant complex in western coast, the distance is around 200~250 km. These integrations show the longest distance. 
But the Kunsan basin does not have sufficient data. We better consider this case as a long term perspective because 
we need further data acquisition with a large budget.  
 
3-2 Analysis of Transport Cost 
 
Analysis of transportation cost is a results of economic model developed by UNSW(University of New South 
Wales) supported by CO2CRC. The major assumption is the same as that of [10]. The results are in Australian 
dollar as of 2008 and is converted to the US dollar. We analyzed the compression and transportation costs based on 
3 distance scenarios of 70 km, 100 km and 250 km in the three cases of injection period of 20 years, 30 years, and 
40 years. All the emitters are located in the coastal areas and the pipeline is installed in the offshore area only. The 
water depth of the injection facility is assumed as 140 m. A 500MW coal power generation plant was selected as 
emitter and the emission amount is 3,378 million tons of CO2 per year. 
The results are shown in Table 3 and Fig. 5. It is shown that the transportation cost per tons of CO2 removed are 
lowered dramatically as the injection period increases and the transportation distance reduces. Even though the 
project period increases from 20 years to 40 years, the initial investment cost does not increase and the unit cost per 
tons of CO2 was lowered by 20% with the increase of total CO2 removed. When the project periods is 30 years, the 
transportation cost is 5.8 $/ton of CO2 removed for 70 km distance and is 8.65 $/ton of CO2 removed for 250 km 
distance which corresponds to 19% increase. From this result, CCS demonstration project before 2020 which is 
planned by Korea government at this point should be designed with the actual storage site. 
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Table 3. Summary of transport cost for all cases. 
 
Pipeline Route 70 km 100 km 250 km 
Injection period (yrs) 20 30 40 20 30 40 20 30 40 
Transport CAPEX, 
(US$MM) 
111.6 111.6 111.6 122.8 122.8 122.8 173.9 173.9 173.9 
Transport OPEX 
(US$MM) 
24.7 28.7 30.8 25.4 29.8 32.0 30.7 35.1 37.7 
Transport ABEX 
(US$MM) 
6.7 3.3 1.7 7.2 3.7 1.9 10.8 5.2 2.6 
Transport cost of CO2 
avoided (US$/t) 
6.89 5.80 5.42 7.35 6.31 5.89 10.18 8.65 8.06 
 
 
 
Fig. 5. Effect of distance between source and sink and injection period on transport cost. 
Because it is not easy to secure onshore storage site, it is necessary to consider an offshore storage site first in 
order to have successful CCS project. Because offshore storage project requires high investment cost, we need a 
long term storage project with more than 30 years, not short term storage project shown in Table 5. It is favorable to 
increase the project scale to lower the unit cost of CO2 disposal. 
There is little difference between the cases of 70 km distance and 100 km distance. The cost of 250 km case is 
much higher in which Ulleung basin is integrated with a power generation plant complex in southern coast. In order 
to lower the transportation cost, increase of injection period and/or the amount of CO2 removed should be obtained. 
It is necessary to have detailed economic analysis and building of infra structures in national scale. 
As a conclusion, it is better to start the CO2 storage project in Ulleung basin first in which many good prospects 
exist already for CO2 disposal and to expand to other places as a long term project. It is important to have the 
shortest distance between CO2 emitter and geological storage site to lower the transportation cost. It is a good idea to 
have the long term business strategy considering the offshore development plan by KNOC and MKE. 
  
10 20 30 40 50
Injection Period, yrs
4
6
8
10
12
S
p
e
c
if
ic
 T
ra
n
s
p
o
rt
 C
o
s
t 
o
f 
C
O
2
 A
v
o
id
e
d
, 
U
S
$
/t
70 km
100 km
250 km
D.-G. Huh et al. / Energy Procedia 4 (2011) 4881–4888 4887
8 Author name / Energy Procedia 00 (2010) 000–000 
4. Conclusions 
The percentage of manufacturing and heavy chemical industries in Korea which consume a high level energy is 
much higher than other developed countries. It is necessary to switch our energy need from fossil energy to 
renewable energy. But it is impossible to change the energy mix in a short time of period in addition to the high cost 
of conversion. From the cost analysis with several scenarios of integrating CO2 emitters and geological storage sites, 
the transportation cost in the case of 250 km distance is 50% higher than the case of 70 km distance. As a result, it is 
desirable to start the CCS project in the Ulleung basin which has many good prospects already and POSCO or Jeju 
basin and power generation plant complex in southern coast. As a long term plan, it is recommended to include 
Kunsan basin for the storage site. The cost analysis was based on the condition of the east coast of Australia. So it is 
necessary to have further study to convert the results in the condition of Korea. 
 
5. Acknowledgements 
This study was supported by the Korea Ministry of Knowledge Economy which is appreciated. We also thank the 
UNSW and CO2CRC in Australia for their supply of the economic analysis model which was used in this paper. 
 
6. References 
[1] IPCC, 2007, The 4th Assessment Report of The Physical Science Basis, Cambridge University Press. 
[2] IEA, 2008, Energy Technology Perspectives 2008: Scenarios & Strategies to 2050, OECD/IEA. 
[3] The Presidential Committee on Green Growth and the Prime Minister’s Office of the Republic of Korea, 2009, 
Press release: Korean government launches the national consensus-building process for deciding 2020 midterm 
GHG mitigation target by announcing three mitigation scenarios, 4 August. 
[4] The Korea Ministry of Environment, 2009, Press release: GHG Statistics in Korea, 23 September. 
[5] The Korea Ministry of Knowledge Economy, 2009, Press release: R&D program on CCS, 14 October. 
[6] Takahashi, T., Ohsumi, T., Nakayama, K., Koide, K. and Miida, H., 2009, “Estimation of CO2 aquifer storage 
potential in Japan,” Energy Procedia 1 pp.2631-2638. 
[7] Park, Y.C., Huh, D.G., Yoo, D.G., Hwang, S.H., Lee, H.Y. and Roh E., 2009, “A review of business model 
for CO2 geological storage project in Korea,” Journal of the Geological Society of Korea, 45(5), pp. 579-587.  
[8] The Korea Ministry of Knowledge Economy, 2009, Press release: Deep Ocean Exploration in Korea, 14 
August. 
 [9] IPCC, 2005, Special Report on Carbon dioxide Capture and Storage, Cambridge University Press. 
[10] Bukhteeva, O., Neal, P. and Allinson, G., 2009, “Optimisation economics for CO2 capture and storage in 
Central Queensland (Australia),” Energy Procedia 1 pp.3969-3976. 
 
4888 D.-G. Huh et al. / Energy Procedia 4 (2011) 4881–4888
